ABSTRACT
INTRODUCTION
In previous article, the effect of reducing technique on the dispersion and size of gold particles stabilized by chitosan have been discussed [1] . In this paper the role of chitosan on preparation for gold nanoparticles will be elaborated. This study includes the investigation of the dual role of chitosan in the catalyst preparation, as a stabilizer and a reducing agent. Interaction of gold with chitosan has interesting feature since gold ions are easily reduced while chitosan contains some hydroxyl groups which are potential as reducing agent for gold ions as known for reducing sugar in Fehling test. Gold metal is stable and chitosan is a biomolecules, both have potential uses in biological systems. Most of colloidal metal nanoparticles were fabricated using synthetic polymers or chemicals such as sodium alkyl sulphate, PVA (polyvinyl alcohol), ethylene glycol, DMF (N,N'-Dimethyl formamide), alkanethiols as the stabilizer [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Although gold nanoparticles have been immobilized in solid supports employing synthetic polymer as a template, chitosan -coated TiO 2 has not been much explored as a solid support of gold nanoparticles [5] . This paper will also discuss the use of chitosan-coated TiO 2 for gold nanoparticles immobilization.
EXPERIMENTAL SECTION

Material
The following commercially available materials were used without further purification: TiO 2 (anatase, 99.9%, Aldrich, USA), N,N'-Dimethyl formamide (99.8%, Merck, USA), polyvinyl alcohol (MW 22000, 98%, BDH), sodium borohydride (95 %, Reidel de Haen), chitosan of medium molecular weight (400000, Fluka, Switzerland), acetic acid 99.8% (BDH, England), HAuCl 4 .3H 2 O (99.5%, Sigma, USA) and methanol (Systerm, A.C.S certified grade, Malaysia).
Equipment
TEM (transmission electron microscope) model Philip CM 12 was used to record micrographs which is used for determination of particle size and size distribution. The sample preparation technique has been verified in the previous report [12] . The average particle size and size distribution were obtained from > 300 particles.
Infra-red spectrophotometer (FTIR) Model : Perkin Elmer FT-IR 2000 was employed to verify the change of the functional groups of chitosan. The dried chitosan-gold sol was placed in KBr window and recorded as the FTIR spectrum.
Procedure
The effect of stabilizer
Gold ions were reduced in aqueous formic acid (for) and citrict acid (cit) or acetic acid with and without chitosan as stabilizer. Refluxing in methanol, addition of NaBH 4 or photo-irradiation/microwave irradiation were employed as reducing agent and reducing technique for the gold ions. Molar ratio of chitosan:metal was designated as 5:1, 10:1 or 15:1 etc.
The procedure was also verified for another set of experiments by dissolving 1 mL acid solution of gold ion in 38 mL of either ethylene glycol, DMF (N,N'-Dimethyl formamide), aqueous PVA (3.7 x 10 -5 mol) where methanol, acetic acid and chitosan was excluded. The solution was refluxed for 5 h.
Preparation of chitosan-stabilized gold colloids (chiAu)
The chitosan-stabilized metal colloids were prepared with modification of the previously reported methods [12] and described in our previous article [1] .
The effect of chitosan concentration on gold reduction was studied to compare the rate of gold reduction at various chitosan-Au molar ratio (5:1 -40:1). The solution were photo-irradiated and the reduction was followed by examining the absorbance of the chitosan-gold plasmon band (525-550 nm) by periodically sampling the solution, and cold down in an ice bath before UV-Vis spectrophotometry analyses. Similar characterization method was verified to study the effect acetic acid concentration on gold reduction. One mL of chitosan solution (3.7 x 10 -5 mol) and 1 mL of gold ion solution (7.4 x 10 -6 mol) were dissolved into 6 various concentrations of acetic acid ( from 0.026 M to 0.0955 M) at 36 mL of each to obtain the total volume of 38 mL.
Microwave irradiation method and pH effect was studied by adjusting the pH of the solution to 2.8, 3.5, 4, 4.5, and 5.5 with addition of NaOH solution. All solutions were irradiated in a microwave oven for 240 seconds and the absorbance of each of the solution were recorded.
Absorption of gold on chitosan beads
Chitosan solution was prepared by dissolving chitosan flake in aqueous acetic acid. Chitosan beads were obtained by neutralizing chitosan solution with sodium hydroxide [13] . Chitosan beads were suspended in distilled water at various pH (2-5.5). Then, certain amount of gold (III) ion was mixed with the suspension for 30 min. The amount of gold absorbed on the beads was calculated from the remaining concentration of gold ion in the solution as determined with atomic absorption spectrometry (AAS).
Chitosan coated TiO 2 as a support for Au nanoparticles
Preparation of Au particles supported on chitosan-coated TiO 2 (TiO 2 -chi-Au) was carried out by modification of a previously reported method [11] . A 0.2080 g of chitosan was dissolved in 346 mL of aqueous acetic acid and diluted with 300 mL of methanol. To avoid high viscosity of the chitosan solution, the chitosan concentration was set to 0.6 mg mL -1 of aqueous acetic acid. The solution was stirred until a clear solution was obtained. 10 g of TiO 2 (anatase) was suspended in 200 mL of aqueous acetic acid-methanol. The slurry was added dropwise to the chitosan solution with vigorous stirring. The mixture was neutralized by addition of sodium hydroxide solution and the precipitate was filtered and washed with distilled water until neutral. The solid was dried in an oven at 50 o C overnight and the dried solid of TiO 2 -chi was ground and dried again in an oven at 110 o C for 1 h.
Typically, 1.000 g of TiO 2 -chi was suspended in 100 mL of methanol-water ( 
RESULT AND DISCUSSION
The effect of Stabilizers
Ethylene glycol, DMF (N,N'-Dimethyl formamide) or aqueous PVA where used as stabilizers and reducing agents for gold ions since these compounds Photo irradiation time/h Absorbance contain hydroxyl or amide groups which were potential to reduce and stabilize gold ions. These solutions were refluxed without addition of acetic acid, methanol and chitosan. After reflux, the solution color changed to purple, indicating gold ions have been reduced to gold metal or gold sol. However the sol was only standing for 3-5 hours before precipitate out. Thus, the further study for these experiments were terminated. When the stabilizer was substituted with chitosan in methanol and acetic acid solution, the gold sol was stable for months without precipitation. In most cases, it is generally observed that the particle size of colloidal gold decreased and the dispersion increased with increasing chitosan concentration as summarized in Table 1 . The representative TEM monographs were given in Fig 1. The table shows colloidal gold particle was smaller if the solvent system for chitosan was methanol:acetic acid rather than acetic acid only. Gold ions and acetic acid are polar and the polarity possibly decreased when methanol was added. Methanol was known as a solvent for dilution of chitosan-acetic acid solution. Such condition led to better dispersion of gold nanoparticles and thereby reduced the size.
In the case of chitosan, the optimum molar ratio of the chitosan:Au, should be in the range of 5:1 to 30:1. The ratio of 20:1 gave the well dispersed and finest gold colloid. It is understood that the presence of larger amount of the stabilizer (chitosan) shall lead to higher dispersion of the metal ions (gold) on the polymer matrix hence the metal clusters formed.
The Effect of pH
The effect of pH on gold particle size and distribution prepared with microwave irradiation is shown in Table 1 . The particle size tended to decrease with increasing pH from 2.8 to 4.5 and then increased again, but the size distribution was continuously narrowed up to pH 5.0. In addition, the particles look more dispersed, and more spherical at higher pH.
Chi-Au at different pHs showed different absorbance intensity when they were prepared by microwave irradiation as shown in Fig. 2 . The intensity of plasmon band was observed in the order of pH 3.5  4 > pH 2.8 > pH 5 >> pH 6. At pH 3-4 the absorbance reached 1.5 in 30 minutes. In the same period the absorbance only reached 0.8, 0.6, and 0.1 at pH of 2, 5 & 6 respectively. Trend of gold ion reduction rate also followed the intensity of plasmon band. Gold ion reduction accelerated in series of pH 3.5  4 > pH 2.8 > pH 5 >> pH 6. The original pH of the chi-Au in aqueous acetic acid solution was 2.8. Neutralization of the acetic acid at higher pH decreased the solubility of chitosan hence decreased the stability. Fig. 2 displayed that gold ion reduction was faster at low pH which is pH of  4. 
The Role of Chitosan
The effect of chitosan concentration on colloidal gold was first observed in the study of the effect of acetic acid. The UV-Vis absorption with respect to time of refluxing or photo-irradiation of colloidal gold with various chitosan concentrations is shown in Fig. 3 (ab) . Higher chitosan:Au ratio exhibits faster reductions of gold (III) ions when refluxed although less prominent for photo-irradiation. Also in the absence of acetic acid and methanol, chitosan could still reduce gold (III) ion but it was slower than in aqueous acetic acid solution. Apparently, chitosan functioned not only as the stabilizer but also as the reducing agent which is consistent with previous report [14] . The supporting evidence was from FT-IR of chitosan showing a strong new band at 1522 cm -1 after the redox reaction as shown in Fig. 4 . Such band (1522 cm -1 ) was in absorption region of either ionized carboxyl or unconjugated nitro group [15] [16] . However, the existence of unconjugated nitro group was not likely since the amino group of chitosan was not as easily oxidized as compared to the hydroxyl group [17] [18] [19] .
Instead, in acetic acid solution, this leave the primary alcohol at C6 position of chitosan to be oxidized to carboxylic group without disturbing the amino group as reported previously [20] . When the oxidized-chitosan was washed up to neutral pH, the carboxyl group can be ionized and gives the observe IR signal at 1522 cm -1 as common case in amino acid [19] . The reaction was proposed by making analogy with earlier reports [4, 20, 22] . The proposed reactions was shown in Fig. 5 .
The intensity of the gold plasmon band increased with increasing acetic acid concentration after 6 h of photo-irradiation or 3 h of refluxing as shown in Fig. 6 . In this case the change in pH with increasing acetic acid concentration was small thereby it might not give a significant effect on the gold reduction. Slight decrease of gold absorbance at higher acetic acid concentration could be due to gold particle precipitation. When the ratio of Chi:Au is 3:1, the gold colloid precipitated out in the acetic acid of 0.026 M, but it formed stable colloid at 0.052 M, and precipitated again when acetic acid  0.079 M. Nevertheless, when Chi:Au ratio was doubled (6:1), all of the samples gave stable gold colloids.
This can be explained from both the solubility of chitosan and process of stabilization of gold. Since the solubility of chitosan is affected by the acetic acid concentration, the increase of acetic acid concentration led to better dispersion of chitosan and subsequently gave stable gold colloid [23] . Whereas, the stabilization process of gold started with interaction between gold ions with the amino group of chitosan as known for chitosan-metal ion adsorption [24] . At higher concentration of acetic acid, such interaction was presumably sterically hindered since more amino groups were surrounded by H + and CH 3 COO -and leading to a destabilized gold colloid [20] . 
Gold Nanoparticles Immobilized on Chitosan Coated TiO 2
Having known that chitosan could stabilize nanoparticulate gold, it is interesting to prepare some solid heterogenised chitosan-gold nanoparticles. Since chitosan could not be isolated as fine crystalline particles from the solution, chitosan coated TiO 2 was used as a support for gold nanoparticles. To study the gold adsorption on chitosan coating, chitosan beads without TiO 2 was prepared . It was found that the amount of adsorbed gold ion on chitosan beads was 0.8875 mg per g of chitosan after an equilibrium time of 25 min. In a separate experiment, 0.1 g of HAuCl 4 .3H 2 O was impregnated onto chitosan-coated TiO 2 . After reduction, the gold metal content was 2%.
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As shown in Fig 7 (a) TEM image of chi-TiO 2 show a regular shape of chi-TiO 2 particles with very clean surfaces, no fragment of TiO 2 was observed even at high magnification. 7(c-d) shows that the particles of TiO 2 -chi-Au-nb were more dispersed with smaller particle size and distribution (4.6 + 1.1 nm) compared with on TiO 2 -Au-nb without chitosan (5.8 + 2.1) nm as displayed in Fig. 7(b) , but gold particles on these solid support were larger and have a broader size distribution compared with the colloidal solution. TiO 2 -chi-Au-me and TiO 2 -chi-Au-ir gave very large particles around 15-30 nm with very broad size distribution with some of crystalline gold particles observed on the surface of the TiO 2 -chi as presented in Fig. 7 (e-f) . Apparently, chitosan functioned as a support to segregate the gold particles and leading dispersion of gold metal clusters on the surface of titania.
CONCLUSION
Chitosan stabilized gold nanoparticles were stable for months without precipitation. The optimum mol proportion of chitosan-gold metal ions in methanol acetic acid solution (5:1 to 30:1) gave fine gold particles at range of 9.4-10.4 nm. Gold ion reduction was faster in higher molar ratio of chi-Au. pH solution affected the gold reduction rate and the gold particle size with some exception. Chitosan functioned as the stabilizer and the reducing agent for gold colloidal particles. Gold nanoparticles supported on chitosan coated TiO 2 gave smaller size and narrower size distribution as compared to gold particles supported on TiO 2 without chitosan coating.
